production. Similarly, supplementation of eastern gamagrass silage (749 g kg −1 NDF) with ground corn at 55% of DM intake was required to support 37.2 kg d −1 of milk production without depressing milk fat (Eun et al., 2003) . Overall, these nutritional characteristics are largely consistent with those expected for forages with reduced energy densities. When coupled with high yield potential and desirable silage fermentation characteristics, eastern gamagrass may prove to be a suitable diluting agent for energy within the diets of dairy replacement heifers or dry cows. In a companion report , we evaluated the yield potential of eastern gamagrass managed under nine harvest strategies and four N fertilization rates. Our objectives for this project were to: (i) evaluate these eastern gamagrass forages for macromineral, CP, and fiber composition; and then (ii) estimate energy densities for these eastern gamagrass forages by the summative approach.
MATERIALS AND METHODS

Treatment Structure and Forage Sampling
This study was conducted from 2007 through 2009 on a 0.40-ha field plot located at the University of Wisconsin Marshfield Agricultural Research Station (44°39´ N, 90°08´ W). The soil type at this location is a Withee silt loam (fine-loamy, mixed, superactive, frigid, Aquic Glossudalfs) with 2 to 6% slopes. A detailed description of all procedures associated with establishment, management, and harvest of these experimental plots is found within a companion report ; therefore, only a brief summary is provided. The experiment consisted of nine harvest systems; of these, six were single harvests timed at approximately 15-d intervals (1 June, 15 June, 1 July, 15 July, 1 August, and 15 August). The three remaining harvest systems employed two harvests timed at intervals of approximately 45 d (1 June/15 July, 15 June/1 August, and 1 July/15 August). Each harvest strategy was replicated within each of three field blocks established on the basis of field topography. Within each harvest strategy, subplots were fertilized in mid-May with ammonium nitrate (34-0-0) at rates of 0, 67, 137, or 202 kg N ha −1 . Fertilization was split-applied within double-harvest systems with equal portions applied in mid-May, and then immediately following the first harvest. Treatment assignments were maintained (without additional randomization) for three consecutive years (2007 through 2009) to assess any cumulative effects of treatment on these forages.
Laboratory Analysis Macrominerals and Ash
Hand-clipped 750-g subsamples (wet basis) were obtained with garden shears from six randomly selected locations within each plot. Clipping height for hand-clipped samples was maintained at 0.15 m from the top of the crown. Following clipping, samples were placed in paper bags, and then dried to constant weight under forced air at 50°C. After drying, samples were ground through a Wiley Mill (Arthur H. Thomas, Philadelphia, PA) equipped with a 1-mm screen, and then retained in sealed plastic bags for subsequent analysis of macromineral, CP, and fiber composition. Concentrations of Ca, P, K, and Mg were obtained from the University of Wisconsin Soil and Forage Analysis Laboratory (Marshfield, WI); Ca, K, and Mg were determined by atomic absorption spectroscopy, while P was determined with a colorimetric technique (Schulte et al., 1987) . Whole-plant ash is a required input for calculation of the truly digestible nonfiber carbohydrate subunit of total digestible nutrients (TDN) by the summative approach (NRC, 2001; Weiss et al., 1992) . Therefore, the concentration of whole-plant ash was determined on 1.0-g forage samples, and calculated as the percentage of total plant DM remaining after combustion in a muffle furnace at 500°C for 6 h.
Crude Protein Composition
Concentrations of CP components (total CP, NDICP, and acid-detergent insoluble crude protein [ADICP] ) are required inputs for determination of TDN by the summative method, and these inputs were quantified by a rapid combustion procedure (AOAC, 1998, Official Method 990.03 ; Elementar Americas, Inc., Mt. Laurel, NJ) using a conversion factor of 6.25 to convert N to a CP basis. Before quantifying residual CP (NDICP or ADICP), eastern gamagrass samples were digested independently in either neutral-or acid-detergent, respectively, using the batch procedures outlined by ANKOM Technology Corporation (Fairport, NY). The neutral-detergent solution did not contain sodium sulfite or heat-stable α-amylase. Previously, Van Soest et al. (1991) has recommended that sodium sulfite be omitted from digestions in neutral detergent that precede quantification of NDICP because sodium sulfite cleaves disulfide bonds and dissolves cross-linked proteins, which reduces protein recovery from NDF residues. For ADICP, digestions in acid detergent were conducted nonsequentially, without a preliminary digestion in neutral detergent (Van Soest et al., 1991) . Following quantification of NDICP, the pool of cell-soluble crude protein (NDSCP) was estimated by simple difference: NDSCP (g kg −1 ) = CP -NDICP. Concentrations of NDICP and ADICP also were expressed as a proportion of the total forage CP pool (g kg −1 CP).
Fiber Composition
Analysis of fiber components (NDF, acid-detergent fiber [ADF] , hemicellulose, cellulose, and lignin) were conducted sequentially using batch procedures outlined by ANKOM Technology Corp. for an ANKOM200 Fiber Analyzer. Neither sodium sulfite nor α-amylase was included in the NDF solution.
Energy Calculations
The energy concentration of each hay sample was calculated from appropriate laboratory inputs by the summative approach using the equations of Weiss et al. (1992) , as adapted by NRC (2001) . Within this context, TDN was defined as: TDN (g kg −1 ) = truly digestible nonfiber carbohydrate + truly digestible CP + (truly digestible fatty acids × 2.25) + truly digestible fiber -metabolic fecal TDN, where metabolic fecal TDN = 70 g kg −1 (Weiss et al., 1992) . Truly digestible fiber was calculated using the acid-detergent lignin option:
Within the summative method for calculating energy, truly digestible fiber also can be estimated from concentrations of NDF using the 48-h in vitro disappearance of neutral-detergent fiber (NDFD) as the associated digestibility coefficient (NRC, 2001):
truly digestible fiber (g kg −1 ) = NDF × (NDFD/1000).
Ruminal disappearance rates of NDF are known to be very slow for eastern gamagrass (Coblentz et al., 1998) ; therefore, agreement between the acid-detergent lignin and NDFD options for estimating truly digestible fiber was tested on composites (n = 36) from the nine harvest systems obtained over 3 yr. To be consistent with the acid-detergent lignin option, the NDFD digestibility coefficient was applied to proteincorrected NDF (NDFn; NDF -NDICP).
Procedures and apparatus for determining NDFD consisted of incubating 0.5-g samples in 125-mL Erlenmeyer flasks containing rumen fluid, buffer media, and macro-and micromineral solutions (Goering and Van Soest, 1970) . Incubation flasks were purged continuously with CO 2 , and maintained in a water bath at 39°C. After 48 h, incubations were terminated by digestion in neutraldetergent solution that included both heat-stable α-amylase and sodium sulfite (Goering and Van Soest, 1970) . Before ruminal incubation, rumen fluid was harvested from a nonlactating dairy cow fitted with a ruminal cannula, and offered a diet containing 69% alfalfa-grass silage and 30% corn silage, with the balance consisting of vitamin and mineral supplements.
Statistics
Data were analyzed as a split-split-plot design with three field replications (blocks). Harvest systems served as wholeplots, while N fertilization rates (0, 67, 134, or 202 kg N ha −1 ) were designated as subplots. There was no additional randomization between production years; therefore, production years (2007, 2008, or 2009 ) were designated as sub-subplots. For singleharvest systems, DM yields were maximized on the final (midAugust) harvest date across all three production years, and no double-harvest system was competitive on a DM yield basis with a single harvest timed to that date . For this unique application, normal management compromises of yield and nutritive value were largely irrelevant because the efficacy of these forages to offset energy-dense forages, such as corn silage, is enhanced by delaying harvest to obtain greater yields, thereby resulting in lower nutritional value. Because double-harvest systems were not competitive with single-harvest strategies timed in August, data from double-harvest systems are condensed to improve the clarity of presentation and represent only the mean response for each double-harvest system weighted on the basis of DM yields for each individual harvest. All data were analyzed using PROC MIXED procedures of SAS (SAS Institute, 1990) . Harvest systems were compared with single-degree-of-freedom orthogonal contrasts that included linear, quadratic, cubic, and quartic effects of harvest date for single-harvest systems, as well as three contrasts for double-harvest systems: (i) all double-harvest systems vs. the single-harvest system exhibiting maximum DM yield (15 August); (ii) 1 June/15 July vs. 15 June/1 August; and (iii) 15 June/1 August vs. 1 July/15 August. The effects of fertilization rates were evaluated similarly, by single-degree-of-freedom orthogonal contrasts that evaluated linear, quadratic, and cubic effects of N fertilization rate.
RESULTS
Throughout the trial, the main effect of harvest system interacted with production year for nearly all response variables. However, harvest system generally did not interact with N fertilization rate, nor were three-way interactions of harvest system, N fertilization rate, and year observed. For concentrations of macrominerals, N fertilization rate generally interacted with production year, but similar interactions of fertilization rate with year were not detected for either fiber or CP components. After evaluating these interactions with year, main-effect means exhibited similar responses to treatment across years, suggesting that interactions were created by the magnitude rather than direction of response. To simplify the presentation of macromineral concentrations and CP components, these interactions have been ignored, and only main-effect means combined over three production years are presented and discussed. Because eastern gamagrass is a perennial warm-season grass, some fiber components, such as NDF, comprised a very large proportion of total plant DM; as a result, they also exerted a dominating (and potentially negative) effect on estimates of TDN. Because the primary goal of this work was to identify low-energy forages capable of diluting blended diets containing corn silage or other high-energy forages, fiber components and estimates of TDN were considered to be the response variables of greatest importance, and therefore are reported and discussed by year.
Harvest System Effects on Macromineral Composition
Phosphorus
For single-harvest systems, concentrations of P declined linearly (P < 0.001) from 3.1 to 1.7 g kg −1 across harvest dates (Table 1) , which represents a 45% reduction across single-harvest systems. Concentrations of P for double-harvest systems were greater (2.5 vs. 1.7 g kg −1 ; P < 0.001) than observed for eastern gamagrass harvested once on 15 August. Among double-harvest systems, concentrations of P differed (P = 0.040) between 1 June/15 July and 15 June/1 August, but the practical relevance of this difference was questionable (2.5 vs. 2.4 g kg −1 ).
Calcium
Concentrations of Ca for eastern gamagrass forages declined over harvest dates, exhibiting linear (P < 0.001), quadratic (P = 0.002), and cubic (P = 0.003) effects of time. Concentrations of Ca ranged from a maximum of 3.1 g kg −1 on the 1 and 15 June harvest dates to a minimum of 2.3 g kg −1 on 15 July and 1 August harvests. No contrast comparing double-harvest systems differed (P ≥ 0.257).
Magnesium
For single-harvest systems, concentrations of Mg increased linearly (P = 0.025) across harvest dates, ranging from 2.6 to 3.1 g kg −1 (Table 1) . No other higher-ordered polynomial effect approached significance (P ≥ 0.553). The mean concentration of Mg for all double-harvest systems did not differ (P = 0.958) from that observed for the single-harvest system (15 August) that consistently exhibited the greatest DM yield. Furthermore, no differences (P ≥ 0.414) among double-harvest systems were detected.
Potassium
Concentrations of K for single-harvest systems declined across harvest dates from a maximum of 18.9 g kg −1 on 15 June to a minimum of 11.4 g kg −1 on 15 August (Table 1) . These responses were explained with linear (P < 0.001), quadratic (P = 0.022), and cubic (P = 0.048) effects. The mean for all double-harvest systems was greater than that observed for a single-harvest sampling date on 15 August (14.6 vs. 11.4 g kg −1 ; P < 0.001), but there were no differences (P ≥ 0.222) in weighted concentrations of K among double-harvest systems.
Nitrogen Fertilization Effects on Macromineral Composition
Over 3 yr, mean concentrations of P and K in eastern gamagrass forages declined linearly (P ≤ 0.009) as N fertilization rates increased (Table 2) ; however, the overall range for these responses was relatively small (0.1 and 0.7 g kg −1 , respectively). In contrast, concentrations of Ca and Mg increased linearly (P < 0.001) with N fertilization, ranging from 2.4 to 2.7 g kg −1 for Ca and 2.7 to 3.1 g kg −1 for Mg. No other higher-ordered polynomial effect was detected (P ≥ 0.093) for any of the macrominerals.
Harvest System Effects on Crude Protein Composition Crude Protein
Concentrations of CP declined with delayed harvest date from 222 to 79 g kg −1 across the six single-harvest systems (Table 3) . These responses were explained by strong linear, quadratic, and quartic (P < 0.001) effects of harvest date; in general, CP declined rapidly from 1 June through 1 July, but then changed slowly thereafter. The mean concentration of CP from all doubleharvest systems was greater than that observed for the single-harvest sampling date on 15 August (118 vs. 79 g kg −1 ; P < 0.001).
However, within double-harvest systems, concentrations of CP did not differ (overall mean = 118 g kg −1 ; P ≥ 0.214).
Neutral Detergent Soluble Protein
Within single-harvest systems, the portion of crude protein that is soluble in neutral detergent (NDSCP) declined in a curvilinear pattern that was similar to that described for CP (Table 3) . Concentrations of NDSCP declined rapidly from 115 to 50 g kg −1 from 1 June through 15 July, but then declined at a much slower rate thereafter, reaching a minimum of 33 g kg −1 on the final single-harvest sampling date. As observed for CP, this response was explained with strong linear, quadratic, and quartic (P < 0.001) effects of harvest date; however, a cubic effect (P = 0.021) also was detected. Concentrations of NDSCP from double-harvest systems were nearly double that observed for the single-harvest sampling date on 15 August (60 vs. 33 g kg −1 ; P < 0.001). Within double-harvest systems, the 15 June/1 August harvest system yielded greater (P = 0.017) concentrations of NDSCP than the 1 July/15 August system, but the magnitude of this difference was relatively small (62 vs. 56 g kg −1 ).
Neutral Detergent Insoluble Protein
The crude protein fraction that is insoluble in neutral detergent (NDICP) also declined across single-harvest sampling dates in a pattern generally comparable to those observed for CP and NDSCP (Table 3) . Concentrations of NDICP declined rapidly from 108 to 57 g kg −1 across the 1 June, 15 June, and 1 July harvest dates, but then changed slowly thereafter. The highest-ordered effect for this response was cubic (P = 0.003). The mean concentration of NDICP exhibited by all double-harvest systems was greater than that observed for a single-harvest system sampled on 15 August (58 vs. 45 g kg −1 ; P < 0.001), but no differences (overall mean = 58 g kg −1 ; P ≥ 0.259) were observed among doubleharvest systems. When expressed as a proportion of total CP (g kg −1 CP), NDICP comprised approximately half of the total CP pool, ranging from 448 to 579 g kg −1 CP across single-harvest systems. Across these harvest systems, there was an overall pattern of increasing concentrations that was explained by linear (P < 0.001), quadratic (P < 0.001), and quartic (P = 0.035) effects. For double-harvest systems, the overall mean concentration of NDICP was less than observed for the single-harvest system sampled on 15 August (491 vs. 579 g kg −1 CP; P < 0.001), and NDICP for the 15 June/1 August harvest system was less than observed for the 1 July/15 August system (482 vs. 514 g kg −1 CP; P = 0.022).
Acid Detergent Insoluble Protein
Unlike other CP fractions, concentrations of ADICP were not affected by harvest system (overall mean = 12.5 g kg −1 ; P ≥ 0.252). Expressed as a proportion of total CP, ADICP increased linearly (P < 0.001) across single-harvest sampling dates, ranging from 58 to 161 g kg −1 CP; this response was largely the result of a relatively stable pool of ADICP across all six harvest dates (12.6 g kg −1 ) coupled with a declining concentration of CP. No higher-ordered polynomial effect was detected (P ≥ 0.099). No differences were detected among double-harvest systems (overall mean = 105 g kg −1 CP; P ≥ 0.151), but double-harvest systems exhibited a lower concentration of ADICP on a g kg −1 CP basis than the single-harvest system sampled on 15 August (P < 0.001).
Nitrogen Fertilization Effects on Crude Protein Composition
Concentrations of CP, NDSCP, and NDICP all increased with N fertilization, exhibiting both linear (P < 0.001) and quadratic (P ≤ 0.007) effects for each response variable (Table 4) . The quadratic character of each response was created largely by declining responses at greater fertilization rates. When expressed as a proportion of CP, concentrations of NDICP were not affected by N fertilization rate (overall mean = 496 g kg −1 CP; P ≥ 0.082). Concentrations of ADICP increased linearly (P < 0.001) with N fertilization, but when expressed as a proportion of total CP, the relationship was inversed, declining linearly (P < 0.001) from 116 to 103 g kg −1 CP. This inverse response occurred because CP increased at a greater rate in response to N fertilization than did ADICP (g kg −1 DM).
Harvest System Effects on Fiber Composition 2007
Concentrations of all fiber components except hemicellulose increased within single-harvest systems as sampling dates were delayed later into the summer, ranging from 673 to 746 g kg −1 for NDF, 311 to 392 g kg −1 for ADF, 288 to 350 g kg −1 for cellulose, and 18.1 to 40.2 g kg −1 for lignin (Table 5 ). Strong linear (P < 0.001) and quadratic (P ≤ 0.010) effects were observed, which likely were created by relatively rapid increases in concentrations of fiber components through early July, followed by limited and/ or static responses thereafter. Concentrations of ADF exhibited a weaker (P = 0.043) cubic effect. For the 15 August harvest date, concentrations of NDF, ADF, cellulose, and lignin all exceeded (P < 0.001) those exhibited by double-harvest systems. Within double-harvest systems, mean concentrations of NDF, ADF, and cellulose were lower (P < 0.001) for the 1 June/15 July system compared with the 15 June/1 August system; however, the magnitude of these differences was relatively small (16, 12, and 10 g kg −1 , respectively). No differences were observed for any fiber component between the 15 June/1 August and 1 July/15 August systems (P ≥ 0.305). Unlike other fiber components, concentrations of hemicellulose exhibited only quadratic and cubic (P < 0.001) responses to harvest date within single-harvest systems, and no contrast comparing double-harvest systems was significant (P ≥ 0.198). In practical terms, concentrations of hemicellulose remained relatively stable, regardless of treatment, and ranged narrowly from 339 to 362 g kg −1 across all harvest systems.
2008
For single-harvest systems, concentrations of NDF, ADF, cellulose, and lignin all increased across harvest dates in a pattern that generally was similar to that observed for 2007 (Tables 5  and 6 ). Each of these fiber components exhibited strong linear and quadratic (P < 0.001) effects of harvest date that were coupled with cubic and quartic effects (P < 0.001) for NDF, ADF, and cellulose, but not for lignin (P ≥ 0.272). Concentrations of NDF, ADF, cellulose, and lignin all were numerically greater on the 15 August harvest date than observed on the same date the previous year, and differed (P < 0.001) in each case from the mean of all double-harvest systems. Within double-harvest systems, differences (P ≤ 0.007) were observed for NDF, ADF, cellulose, and lignin in comparisons of the 1 June/15 July and 15 June/1 August harvest systems, but not (P ≥ 0.151) for comparisons of the 15 June/1 August and 1 July/15 August harvest systems. Concentrations of hemicellulose exhibited numerous significant effects; however, these responses can be summarized as an elevated response on the initial single-harvest sampling date (397 g kg −1 ), followed by a static response across all other singleand double-harvest systems (range = 342-358 g kg −1 ).
2009
For single-harvest systems, concentrations of NDF, ADF, and cellulose again increased across harvest dates, exhibiting strong linear, quadratic, and quartic (P < 0.001) effects in each case (Table 7) . The strong quartic effect observed for these response variables was likely weather related, and is consistent with the quartic response observed for DM yields during the same year . The concentration of NDF on the final (15 August) harvest date (801 g kg −1 ) was numerically greater than NDF observed on any other harvest date during the 3-yr trial. Concentrations of lignin increased from 12.4 to 43.1 g kg −1 , exhibiting a strong linear (P < 0.001) response coupled with relatively weak quartic (P = 0.047) character. Unlike the other fiber components, concentrations of hemicellulose declined across harvest dates, exhibiting multiple polynomial effects (P ≤ 0.012); however, in practical terms, hemicellulose declined from 382 to 361 g kg −1 from 1 to 15 June, but exhibited relatively static responses across all other harvest systems (range = 350-371 g kg −1 ). For double-harvest systems, concentrations of all fiber components were lower (P < 0.001) than those observed for the single-harvest system sampled on 15 August. Among doubleharvest systems, ADF (P = 0.049), hemicellulose (P = 0.001), and cellulose (P = 0.007) differed between 1 June/15 July and 15 June/1 August systems, but the maximum differential between means was only 12 g kg −1 .
Nitrogen Fertilization Effects on Fiber Composition
Considered across three production years, concentrations of NDF, ADF, and cellulose declined linearly (P < 0.001) with N fertilization; however, the magnitude of these responses across all N rates was generally small (5, 6, and 9 g kg −1 , respectively; Table 8 ). In contrast, concentrations of acid-detergent lignin increased linearly (P < 0.001) with N fertilization, ranging from 27.6 to 30.0 g kg −1 , which represents a 9% increase across fertilization rates. Concentrations of hemicellulose were not affected by N fertilization (P ≥ 0.085).
Estimates of Energy
During each production year, estimates of TDN that were calculated with the acid-detergent lignin option for determining truly digestible fiber declined across single-harvest sampling dates (Tables 5-7) . For each production year, these responses were curvilinear, exhibiting rapid declines through mid-July followed by relatively static responses thereafter. Across years, declines in TDN were explained by both linear (P < 0.001) and quadratic (P ≤ 0.036) effects; higher-ordered patterns also were detected (P ≤ 0.008), but their complexity varied with year. Maximum energy densities for eastern gamagrass forages occurred consistently on the earliest (1 June) single-harvest sampling date, ranging between 652 and 669 g kg −1 across production years. The minimum concentration of TDN was exhibited on the final harvest date (15 August) each production year, and these estimates ranged from 569 to 596 g kg −1 . In each case, the TDN estimate on the final single-harvest sampling date was lower than those exhibited by double-harvest systems (P < 0.001). There were relatively small differences (P ≤ 0.046) for TDN estimates among double-harvest systems, but there was no discernable pattern across years. Nitrogen fertilization had no effect on estimates of TDN (Table 8 ; P ≥ 0.359; overall mean = 615 g kg −1 ).
DISCUSSION
Mineral Composition
Concentrations of P, Ca, and K from single-harvest systems declined by 45, 26, and 40%, respectively, by either 1 or 15 August from maximum concentrations exhibited in early-or mid-June (Table 1) . Nutritionally, this is particularly relevant with respect to the concentration of K. Dietary cation-anion balance can be improved with low concentrations of forage K, and this is essential for limiting hypocalcemia (milk fever) within multiparous dairy cows transitioning through the nonlactating (dry) period, parturition, and the early stages of lactation (NRC, 2001) . Perennial cool-season grasses and cereal grains, which are the predominant grass forages throughout the north-central United States, readily consume soil K and often exhibit tissue concentrations of K that range between 30 and 35 g kg −1 . This can be particularly problematic on production sites receiving animal manures (Mayland et al., 2007) , or in other situations where concentrations of soil-test K are high (NRC, 2001) . In contrast, our concentration of tissue K within eastern gamagrass harvested on the 15 August harvest date was only 11.4 g kg −1 , which suggests that some potential exists for dilution of other K-laden forages in the diets of nonlactating (dry) cows. This response is consistent with reports describing K concentrations for other perennial warm-season grasses, which typically decrease with plant maturation, and often are lower than observed for cool-season grasses (Mayland et al., 2007) . Although N fertilization exhibited statistically significant effects on concentrations of macrominerals (Table 2) , the magnitude of these effects was relatively small, and they are likely of limited nutritional relevance.
Crude Protein Composition
Harvest Systems Averaged over 3 yr, concentrations of CP ranged from 222 to 79 g kg −1 across single-harvest sampling dates (Table 3) . These CP concentrations all exceeded that of wheat straw (48 g kg -1 ; NRC, 2001), which is a common diluting agent for energy within dairy-heifer diets. Across all harvest systems, concentrations of NDICP comprised roughly half of the total forage CP, which is consistent with past reports for eastern gamagrass (Coblentz et al., 1998) , as well as other perennial warmseason grasses (Turner et al., 2002; Coblentz et al., 2000) . The proportion of total CP associated with the cell wall (NDICP) generally increased with delayed harvest dates, which also is a characteristic consistent with past work (Coblentz et al., 1998) . The relatively high contribution of NDICP to the total CP pool has unique nutritional relevance; CP that is insoluble in neutral detergent, but soluble in acid detergent, is assumed to retain bioavailability, and is slowly degraded in the rumen because of its presumed association with the cell wall. As a result, NDICP exhibits a high probability of bypassing the rumen intact (Sniffen et al., 1992) , thereby becoming part of the rumen undegradable protein (RUP) pool. These characteristics contrast sharply with those exhibited by many other dairy-quality forages, such as alfalfa, in which NDICP comprises only 10 to 20% of the total CP pool , and the total pool of CP generally exhibits rapid degradation rates and very low estimates of RUP (NRC, 2001) . Previously, estimates of RUP determined by in situ methodology accounted for 47, 49, and 57% of total CP for eastern gamagrass forages harvested at the boot, anthesis, and physiologically mature stages of growth, respectively (Coblentz et al., 1999) .
Unlike NDICP, concentrations of ADICP were not affected (P ≥ 0.252; overall mean = 12.5 g kg -1 of DM) by harvest system, but increased linearly (P < 0.001) with delayed harvest date when expressed as a proportion of the total CP pool within single-harvest systems. This response is largely explained on the basis of concurrent declining concentrations of CP across these single-harvest sampling dates. The ratio of ADICP to total forage CP has particular relevance with respect to estimation of forage energy content. In the summative model, truly digestible CP is calculated as CP × exp[-1.2 × (ADICP/CP)], where ADICP and CP are expressed as concentrations of total plant DM (Weiss et al., 1992; NRC, 2001) . In practical terms, the expression (digestibility coefficient) exp[-1.2 × (ADICP/CP)] approaches 1.0 when ADICP is in its native form within unheated dairyquality hays . Within our singleharvest systems, this coefficient for eastern gamagrass forages was ≥0.92 for June harvest dates, but declined to 0.82 by 15 August. When these coefficients are applied to their associated concentrations of CP, eastern gamagrass harvested on 1 June yielded 207 g kg −1 of truly digestible CP to the total TDN pool compared to only 65 g kg −1 by the 15 August harvest date.
Nitrogen Fertilization
Fertilization with N increased concentrations of all CP pools. For CP, NDSCP, and NDICP, the concentration of each fraction increased with both linear (P < 0.001) and quadratic (P ≤ 0.007) effects (Table 4) ; the quadratic character of each response was created by limited responses to the greatest N fertilization rates. Other studies have reported positive effects of N fertilization on concentrations of CP within eastern gamagrass silages (Sauvé et al., 2010; Brejda et al., 1994) , and for a variety of perennial warm-season grasses harvested in Florida (Johnson et al., 2001) . Although concentrations of NDICP and ADICP increased with N fertilization, the proportion that each contributed to the total CP pool either tended to decline linearly (P = 0.082) or declined linearly (P < 0.001), respectively; these responses occurred largely because N captured by eastern gamagrass plants was disproportionately partitioned within the cell solubles (NDSCP). Similar responses to N fertilization have been reported for other perennial warm-season grasses (Johnson et al., 2001) .
Fiber Composition
Typically, perennial warm-season grasses exhibit greater concentrations of cell-wall components and less soluble carbohydrate than temperate forages (Van Soest, 1982) . Throughout numerous studies with eastern gamagrass, concentrations of forage fiber components have been consistently high, regardless of research location (Burns and Fisher, 2010; Mashingo et al., 2008; Coblentz et al., 1998) . Across these studies, NDF frequently has ranged between 700 and 800 g kg −1 , especially after the appearance of reproductive tillers (Coblentz et al., 1998) . Another unique characteristic of these forages is the similarity of NDF concentrations across plant parts; concentrations of NDF within leaf and stem tissues often are indistinguishable through the anthesis growth stage (Coblentz et al., 1998) . Furthermore, NDF is quite high (>650 g kg −1 ), relative to temperate forages, at relatively immature growth stages (Mashingo et al., 2008; Coblentz et al., 1998) . Generally, the northern latitude of the present study had little effect on fiber characteristics (Tables 5-7) relative to these previous research reports. Concentrations of NDF increased within single-harvest systems as the sampling date was delayed; between 1 June and 15 August, NDF ranged from 673 to 742, 680 to 777, and 649 to 801 g kg −1 during 2007, 2008, and 2009, respectively . Most of these increases in NDF were associated with parallel responses for cellulose. Although hemicellulose exhibited varying polynomial effects of harvest date across years for single-harvest systems, concentrations of hemicellulose generally were static, ranging only from 339 to 362, 342 to 397, and 350 to 382 g kg −1 during 2007, 2008, and 2009, respectively. In addition, these ranges narrowed even further when the 1 June harvest dates, which always exhibited the greatest concentrations of hemicellulose, were excluded from consideration.
For single-harvest systems, concentrations of acid-detergent lignin increased over harvest dates, but the maximum was only 46.0 g kg −1 . This response was observed on the 15 August 2009 harvest date (Table 6) , and yielded a lignin to NDF ratio of 0.054. In other studies conducted at more southerly latitudes (Mashingo et al., 2008; Coblentz et al., 1998) , maximum concentrations of lignin within mature wholeplant tissues ranged up to 61.7 g kg −1 , yielding greater ratios of lignin to NDF (0.074-0.090). These discrepancies are likely a function of cooler summer temperatures in Wisconsin, which may result generally in more extensive digestion of forage cell wall (Ford et al., 1979) . On a practical basis, effects of N fertilization on forage fiber components were minimal (Table 8) ; however, lignin did increase linearly (P < 0.001) from 27.6 to 30.0 g kg −1 with increasing N fertilization rate. Concentrations of lignin often increase in response to N fertilization, but associated effects on digestibility often are dependent on the balance of compensatory factors, such as effects on concentrations of soluble carbohydrates (Van Soest, 1982) .
Estimates of Energy
Estimates of TDN declined for single-harvest systems across sampling dates, but exhibited inconsistent polynomial effects across years (Tables 5-7) . Despite these significant responses to harvest date, overall reductions in TDN between single-harvest sampling dates on 1 June and 15 August were only 49, 88, and 100 g kg −1 for 2007, 2008, and 2009, respectively . Furthermore, the mean estimate of TDN across 3 yr for the most delayed single-harvest sampling date (15 August) was 582 g kg −1 . Unfortunately, this mean estimate of TDN is relatively high compared to wheat straw (475 g kg −1 ; NRC, 2001), and offers limited potential to offset the energy density of other high-TDN forages, such as corn silage (688 g kg −1 ; NRC, 2001 ). This limited suppression of TDN in response to advancing eastern gamagrass maturity is likely the result of a relatively low level of lignification within NDF (Tables 5-7) .
The acid-detergent lignin option for calculating truly digestible fiber did not appear to reflect the slow ruminal decay rates for NDF exhibited previously by eastern gamagrass forages (0.032 to 0.056 h −1 ; Coblentz et al., 1998) , or by other perennial warm-season grasses generally (Mandebvu et al., 1999 ). Given the relatively low level of lignification within eastern gamagrass forages in this study, 48-h NDFD is more likely to be limited by the slow rate of degradation rather than the potential extent of availability. Previous studies support this premise for perennial warm-season grasses; Mandebvu et al. (1999) compared 'Tifton 85' and 'Coastal' bermudagrass [Cynodon dactylon (L.) Pers.] grown in Georgia and reported continued ruminal NDF degradation between in situ ruminal incubations terminated at 48 and 72 h. To assess this concern, our estimates of TDN obtained with the acid-detergent lignin option for quantifying truly digestible fiber were related to those obtained via the (in vitro) NDFD option by simple linear regression (Fig. 1) . After assigning estimates of TDN obtained with the alternate NDFD option as the dependent variable, there was considerable bias between the two methods resulting in a slope (2.52) and intercept (-953 g kg −1 ), which differed sharply (P < 0.001) from unity and zero, respectively. Adjustment of our 3-yr mean for TDN obtained with the acid-detergent lignin option for a single harvest on 15 August (582 g kg −1 ) on the basis of this regression relationship yields an estimate of 514 g kg −1 by the alternate NDFD approach. This alternate estimate would seem more consistent with previous reports, especially considering its magnitude relative to other tabular values for common feedstuffs, such as mid-maturity legume hay (591 g kg −1 ) and wheat straw (475 g kg −1 ; NRC, 2001), and would offer some potential as an energy-diluting agent on this basis. This hypothesis should be confirmed through in-vivo feeding trials for eastern gamagrass grown in cool climates.
It is important to note that total energy intakes by replacement dairy heifers also could be regulated by the relatively high NDF concentrations of eastern gamagrass. Previously, Mertens (1994) suggested that regulation of DM intakes by lactating dairy cows occurs when cows have consumed approximately 1.2% of their bodyweight daily in NDF. For dairy heifers, this gut-fill theory of intake regulation was corroborated recently by Hoffman et al. (2008) ; in that study, evaluation of intakes by dairy heifers offered mixed forage-based diets containing between 361 and 492 g kg −1 NDF indicated that heifers will consume about 1.0% of their bodyweight daily in NDF. Therefore, incorporation of a minority proportion of eastern gamagrass hay or silage into the diet offers some additional potential to limit caloric intake based on gut fill that is somewhat independent of the actual TDN estimate for these forages. This potential approach to energy intake regulation for dairy heifers also should be evaluated critically.
CONCLUSIONS
By approximately 15 August, eastern gamagrass forages harvested from single-harvest systems in central Wisconsin will contain about 750 to 800 g kg −1 of NDF; however, lignification is somewhat reduced relative to reports describing eastern gamagrass grown at more southerly latitudes. The reduced lignification observed in this study would be best explained by cooler growing conditions in central Wisconsin relative to those in past studies. As a result, estimates of TDN determined by the acid-detergent lignin option for calculating truly digestible fiber remained quite high through mid-August (582 g kg −1 ), and were comparable to tabular values for mid-maturity legume hays. Assessing truly digestible fiber by the alternate NDFD approach resulted in a much lower TDN estimate (514 g kg −1 ) for that harvest date, which would allow some potential for energy dilution within dairy-heifer diets. Unfortunately, the methods used in this study could not confirm or reject whether eastern gamagrass grown in a cool environment is truly low-energy forage; this unresolved issue should be clarified through in-vivo studies. However, eastern gamagrass appears to yield high concentrations of NDF when grown in a cool environment, and potential exists to take advantage of these high NDF concentrations by limiting energy intakes of dairy heifers or dry cows on the basis of gut fill. Theoretically, this could be accomplished by incorporating minority percentages of high-NDF eastern gamagrass forages into blended diets because DM intakes by dairy heifers are limited at about 1.0% of bodyweight daily in NDF. This option for limiting caloric intake should be investigated critically in future studies. 
